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(54) Lighting system and luminaire

(57) A lighting system for controlling a plurality of light
sources includes at least a first and a second light source,
the second light source having a color temperature and
relative luminous efficiency higher than those of the first
light source. Further, the system includes: a driving unit
configured to turn on and off each of the light sources;
and a control unit configured to transmit a control signal

to the driving unit in response to an input signal. In addi-
tion, the control unit transmits the control signal to the
driving unit, to perform at least one of a fade-in control
in which the first light source is turned on prior to the
second light source when turning on the light sources
and a fade-out control in which the second light source
is turned off or is dimmed, prior to the first light source
when turning off the light sources.
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Description

Field of the Invention

[0001] The present invention relates to a lighting sys-
tem and a luminaire for performing lighting control (dim-
ming) or color mixing by using a plurality of light sources
having different colors.

Background of the Invention

[0002] Recently, a luminaire employing a light emitting
device (LED) has been widely used as a light source for
illumination. Accordingly, there is a growing demand for
luminaires with high-functionality and low-cost. Com-
pared to incandescent lights and discharge lamps, it is
possible to more freely and easily control a color of light
and perform lighting control (dimming) and mixing colors
depending on the situation by using the LEDs, which has
led to the development of various luminaires using LEDs.
[0003] These kinds of luminaires employ technologies
which combine different colored LEDs to obtain a desired
color of light and/or technologies which control a light
emitting period of time and a light-emitting start timing.
Fig. 11 illustrates an example of a conventional lighting
system and a conventional luminaire, which are dis-
closed in, e.g., Japanese Patent Application Publication
No. 2011-34780.
[0004] Fig. 11 illustrates a block diagram of a conven-
tional lighting system and a conventional luminaire.
[0005] The conventional luminaire 100 includes a plu-
rality of LEDs 200 having different colors such as red,
green, and blue, and adjusts light outputs of the LEDs
200 to synthesize a desired chromaticity. In addition, the
luminaire 100 includes a lighting system 300. The lighting
system 300 includes a light receiving element A for meas-
uring an amount of light emitted from each of the LEDs
200; a control unit such as a micro-computer 600 which
controls periodical turning on/off of the LEDs 200 or a
light-emitting time period of one cycle; and a driving circuit
700.
[0006] In the conventional luminaire 100, a current
flowing in each of the LEDs is set to a predetermined
value and a pulse width modulation (PWM) control is per-
formed. Accordingly, each of the LEDs 200 is periodically
turned on and off and a ratio of the light-emitting time
period to one cycle (hereinafter, referred to as ’on duty
ratio’) is controlled with respect to each of the LEDs 200,
thereby controlling the light output of each LED 200. In
the luminaire 100, further, based on the amount of light
measured by the light receiving element A, a light-emit-
ting start time of one of the LEDs 200 is controlled to be
faster than those of the other LEDs. As a result, it is dis-
closed that the one LED emits the light solely.
[0007] The conventional luminaire 100 obtains a de-
sired chromaticity by measuring an amount of light emit-
ted from the plurality of LEDs 200 using one light receiv-
ing element A and adjusting light-emitting start timings

of the plurality of LEDs 200 periodically turning on and
off. However, in order to obtain the desired chromaticity,
the luminaire 100 is required to have the expensive light
receiving element A. In addition, since there is a need of
periodically turning on and off the LEDs 200, flickering is
easy to occur.

Summary of the Invention

[0008] Therefore, in light of the above, the present in-
vention provides a lighting system capable of reducing
discomfort feeling when a light source is lit on or off in
order to perform lighting control or color mixing opera-
tions while effectively suppressing flickering, and a lumi-
naire having the lighting system.
[0009] In accordance with an aspect of the present in-
vention, there is provided a lighting system controlling a
plurality of light sources which includes at least a first and
a second light source, the first and the second light source
having different luminous colors from each other, the sys-
tem including: a driving unit configured to turn on and off
each of the light sources; and a control unit configured
to transmit a control signal to the driving unit in response
to an input signal, wherein the second light source has
a color temperature and relative luminous efficiency high-
er than those of the first light source, and wherein the
control unit transmits the control signal to the driving unit,
to perform at least one of a fade-in control in which the
first light source is turned on prior to the second light
source when turning on the light sources and a fade-out
control in which the second light source is turned off or
is dimmed, prior to the first light source when turning off
the light sources.
[0010] Further, the control unit may control the first light
source to first turn on by the fade-in control and the sec-
ond light source to first turn off by the fade-out control.
[0011] The lighting system may further include
smoothing circuits disposed between the driving unit and
the respective light sources. Preferably, each of the
smoothing circuits includes a capacitor and a resistor,
and has a same time constant.
[0012] Further, the control unit includes: a lights-out
measuring unit configured to measure a lights-out dura-
tion time in response to a turning-off command; and an
output unit configured to receive the measured lights-out
duration time from the lights-out measuring unit, wherein
a lighting timing of the second light source may be de-
layed based on the measured lights-out duration time
when performing the fade-in control.
[0013] An amount of time for delaying the lighting tim-
ing preferably changes depending on a dimming level or
the measured lights-out duration time.
[0014] Each of the smoothing circuit may further in-
clude a voltage detecting unit to detect a voltage across
the corresponding light source connected thereto,
wherein, when turning on the light sources, the control
unit outputs a control signal to maintain a voltage across
the second light source under a lighting voltage of the
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second light source until a voltage across the first light
source reaches a lighting voltage of the first light source.
[0015] Preferably, the first light source emits a red light,
and the second light source emits a green light.
[0016] In accordance with another aspect of the
present invention, there is provided a luminaire which
includes the above-described lighting system.

Brief Description of the Drawings

[0017] The above and other objects and features of
the present invention will become apparent from the fol-
lowing description of embodiments given in conjunction
with the accompanying drawings, in which:

Fig. 1 illustrates a circuit diagram for explaining a
lighting system and a luminaire in accordance with
a first embodiment of the present invention;
Fig. 2 is a timing diagram showing a voltage and a
current supplied to each LED and the total intensity
of illumination in case of turning on the luminaire in
accordance with the first embodiment;
Fig. 3 is a timing diagram illustrating a voltage and
a current supplied to each LED and the total intensity
of illumination in case of turning off the luminaire in
accordance with the first embodiment;
Fig. 4 is a graph showing relationships of a relative
luminous efficiency and a wavelength with respect
to the LED used in a lighting system and a luminaire
in accordance with the present invention;
Fig. 5 illustrates a circuit diagram for explaining a
lighting system and a luminaire in accordance with
a second embodiment of the present invention;
Fig. 6 depicts a timing diagram showing a voltage
and a current supplied to each LED when a lights-out
operation is performed and then a fade-in control is
performed in the luminaire in accordance with the
second embodiment;
Fig. 7 represents a circuit diagram of a micro-com-
puter for explaining a lighting system and a luminaire
in accordance with a third embodiment of the present
invention;
Fig. 8 illustrates a timing diagram showing a voltage
and a current supplied to each LED when a lights-out
operation is performed and then a fade-in control is
performed in the luminaire in accordance with the
third embodiment;
Fig. 9 presents a circuit diagram for explaining a light-
ing system and a luminaire in accordance with a
fourth embodiment of the present invention;
Fig. 10 illustrates a timing diagram of a voltage and
a current supplied to each LED when a lights-out
operation is performed and then a fade-in control is
performed in the luminaire in accordance with the
fourth embodiment; and
Fig. 11 depicts a block diagram of a conventional
lighting system and luminaire.

Detailed Description of the Embodiments

[0018] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to Figs. 1
to 10 which form a part hereof.

<First embodiment>

[0019] A lighting system and a luminaire in accordance
with a first embodiment of the present invention will be
described with reference to Fig. 1.
[0020] The luminaire 1 in accordance with the first em-
bodiment includes a plurality of LEDs 2, which are light
sources emitting different colors of light from each other.
In the present embodiment, the lighting sources emit,
e.g., three different colors of light such as red, green, and
blue. A first light source, a red LED 2a, may include a
GaAsP LED element. A second light source, a green LED
2b, may include a GaP LED element. A third light source,
a blue LED 2c, may include a GaN LED element. Alter-
natively, the red LED 2a and the green LED 2b may be
obtained by converting a wavelength of a white LED using
a fluorescent substance fluorescent substance.
[0021] In the present embodiment, the red LED 2a in-
cludes 4 LED elements coupled in series. Each of the
green LED 2b and the blue LED 2c includes two LED
elements electrically coupled in series. Moreover, the
LED 2 may include a package or a chip.
[0022] The luminaire 1 further includes a lighting sys-
tem 3. The lighting system 3 further includes a rectifier
5, a micro-computer 6, a driving unit 7, a dimmer 8, and
a dimming input unit 9, which are electrically connected
to each other. The lighting system 3 receives a power
from an alternative current (AC) power supply AC such
as a commercial power supply. The rectifier 5 rectifies
the AC power to generate a direct current (DC) power
with a ripple current. The DC power is converted into a
desired DC power by a DC/DC converter 51, and
smoothed by a capacitor 52. Thus, a supply voltage VO
as a DC is outputted to the LED 2.
[0023] The micro-computer 6 serving as a control unit
performs analog-to-digital conversion on a DIM signal
inputted from the dimming input unit 9, and determines
a cycle and a duty ratio of a pulse width modulation
(PWM) signal which depends on a target color temper-
ature and a target luminous flux corresponding to an input
signal. The PWM signal is inputted to the driving unit 7
as a control signal.
[0024] The driving unit 7 acts as a DC/DC converter to
supply the supply voltage VO to each of the LEDs 2a, 2b
and 2c, the supply voltage VO being a DC power. Further,
the driving unit 7 performs a lighting control (dimming)
operation in response to the PWM signal from the mi-
cro-computer 6. Herein, the driving unit 7a performs the
lighting control operation in response to a PWM signal
PWM1; the driving unit 7b performs the lighting control
operation in response to a PWM signal PWM2; and the
driving unit 7c performs the lighting control operation in
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response to a PWM signal PWM3. The driving units 7a,
7b, and 7c control the red LED 2a, the green LED 2b,
and the blue LED 2c, respectively.
[0025] The dimmer 8 acts as an input unit to receive a
dimming input from a user, and outputs a PWM signal or
an asynchronous serial communications signal based on
the dimming input. The dimmer 8 may be a wired oper-
ating handle or a receiving unit for receiving an input from
a remote device. The dimming input unit 9 converts a
signal from the dimmer 8 into a signal capable of being
inputted to the micro-computer 6.
[0026] Additionally, the lighting system 3 includes a de-
tection unit 10 that detects a voltage of the AC power
supply AC and outputs a conducting state to the mi-
cro-computer 6. In addition, the micro-computer 6 out-
puts a lights-out control signal of the LED 2 in response
to an ACIN signal outputted from the detection unit 10.
Although the dimmer 8 and the dimming input unit 9 have
been explained in the present embodiment, the lighting
system 3 may include a color mixing (color temperature
control) function.
[0027] The turning on/off of the LED 2 by the lighting
system 3 will be described with reference to timing dia-
grams of Figs. 2 and 3. In the timing diagrams, a vertical
axis represents a supply voltage VO and current IO to
the LED 2 and a total intensity of illumination, and a hor-
izontal axis represents a time t.
[0028] Fig. 2 illustrates an example which performs a
fade-in control where the LED 2 switches from a lights-out
state to a lighting state. Herein, the "lighting state" rep-
resents a state where the LED 2 is lit around a dimming
lower limit. For instance, a current IO1 of the red LED 2a
is set to about 1 % of a current in a complete lighting
state, and a current IO2 of the green LED 2b is set to
about 0.5 % of a current in a complete lighting state.
Since the blue LED 2c is set not to be turned on around
the dimming lower limit, its description will be omitted. In
the timing diagrams, VO1 represents an output voltage
of the driving unit 7a; IO1 represents a current of the LED
2a; VO2 represents an output voltage of the driving unit
7b; and IO2 represents a current of the LED 2b.
[0029] In the embodiment of the present invention, two
colors of the red LED 2a and the green LED 2b have
been explained. However, the present invention is not
limited to the two colors. That is, light sources of more
than two colors may be used.
[0030] Hereinafter, the voltage VO, the current IO, and
the intensity of illumination are described with respect to
each point of time of the horizontal axis in Fig. 2.
[0031] Before a point of time t0, the AC power is sup-
plied and the DC/DC converter 51 controls a voltage
across the capacitor 52 to be constant. When a dimming
signal is inputted from the dimming input unit 9, the micro-
computer 6 starts up and determines an output level
based on the dimming signal.
[0032] At a point of time t0, the micro-computer 6 pro-
vides a PWM signal instructing each of the LEDs 2a, 2b,
and 2c to start outputting. Accordingly, the output voltage

VO1 of the driving unit 7a starts to increase. Likewise,
the output voltage VO2 of the driving unit 7b also starts
to increase.
[0033] At a point of time t1, the output voltage VO1
reaches a voltage level capable of turning on the LED
2a, and thus the LED 2a is turned on. Accordingly, the
current IO1 flows in the LED 2a. Since, however, the
current IO1 does not reach a target dimming level at this
point of time, the current IO1 of the LED 2a increases
with time. Thus, the intensity of illumination also starts to
increase.
[0034] At a point of time t2, the output voltage VO2
reaches a voltage level capable of turning on the LED
2b, and thus the LED 2b is turned on. Accordingly, the
current IO2 starts to flow. Since, however, the current
IO2 does not reach a target dimming level at this point
of time, the current IO2 of the LED 2b increases over
time. It is preferred that the LED 2b is turned on within
(t2-t1), e.g., 100 ms, after the LED 2a is turned on.
[0035] At a point of time t3, the current IO1 and the
current IO2 reach predetermined current levels. The mi-
cro-computer 6 stops the increase of the outputs of the
driving units 7a and 7b, and maintains the lighting state
of the LED 2a and the LED 2b. As a result, the intensity
of illumination reaches a desired level.
[0036] Fig. 3 illustrates an example of performing a
fade-out control where the LED 2 moves from a lighting
state to a lights-out state. The lighting state, terms and
the like shown in Fig. 3 are identical to that of Fig. 2.
Although the example of performing the lights-out as the
fade-out control is illustrated in Fig. 3, the fade-out control
may include dimming.
[0037] Hereinafter, a voltage VO, a current IO, and the
intensity of illumination are described with respect to
each point of time of a horizontal axis in Fig. 3.
[0038] Before a point of time t0, the micro-computer 6
maintains an output state depending on a previous dim-
ming level.
[0039] At a point of time t0, a lights-out signal is inputted
to the micro-computer 6. Accordingly, the micro-compu-
ter 6 controls the driving unit 7a to decrease the output
voltage VO1. Likewise, the driving unit 7b also starts to
decrease the output voltage VO2. As a result, the inten-
sity of illumination also starts to decrease.
[0040] At a point of time t1, the output voltage VO2 of
the driving unit 7b reaches a voltage level capable of
turning off the LED 2b, so that the LED 2b is turned off.
At this time, the current IO2 of the LED 2b becomes 0.
The output voltage VO2 of the LED 2b is controlled to
decrease over time. As a result, the intensity of illumina-
tion also decreases.
[0041] At a point of time t2, the output voltage VO1 of
the driving unit 7a reaches a voltage level capable of
turning off the LED 2a, and the LED 2a is turned off. At
this time, the current IO1 of the LED 2a becomes 0. The
output voltage VO1 of the LED 2a is controlled to de-
crease over time. As a result, the intensity of illumination
also becomes 0.

5 6 



EP 2 592 903 A2

5

5

10

15

20

25

30

35

40

45

50

55

[0042] At a point of time t3, the output voltage VO1 of
the driving unit 7a and the output voltage VO2 of the
driving unit 7b reach 0, and the micro-computer 6 stops
the operations of the driving units 7a and 7b and main-
tains a lights-out state.
[0043] A color of light between red and yellow (which
looks like a color of an incandescent lamp) can be repro-
duced by mixing a light from the red LED 2a and a light
from the green LED 2b. In this case, a difference between
the lighting start times of the LED 2a and the LED 2b may
occur. For instance, a lighting start voltage may change
due to a chip temperature change of the LED 2 or an
output deviation of the driving unit 7. If the green LED 2b
is turned on before the red LED 2b is turned on due to
the change, the discomfort may occur.
[0044] In the luminaire 1 in accordance with the em-
bodiment of the present invention, the red LED 2a having
a relatively low color temperature and relatively low rel-
ative luminous efficiency is turned on prior to the green
LED 2b in a lighting operation. On the other hand, the
green LED 2b having a relatively high color temperature
and relatively high relative luminous efficiency is turned
off prior to the red LED 2a in a lights-out operation. As a
result, it is possible to provide coziness or comfort
through the light color of the red LED 2a and to appro-
priately reduce a discomfort feeling in turning on and off
of the luminaire.
[0045] Alternatively, the red LED 2a may be turned on
prior to the green LED 2b when turning on, or the green
LED 2b may be turned off prior to the red LED 2a when
turning off. Thus, it is possible to obtain the luminaire 1
in which the discomfort due to the discontinuity in color
change is reduced.
[0046] The discomfort due to the discontinuity in color
change will be described with reference to a graph in Fig.
4.
[0047] Fig. 4 illustrates a relative luminous efficiency
curve, which shows sensitivities according to a wave-
length of a light. Referring to Fig. 4, it is noted that from
the green LED 2b is sensed the brightest provided that
the LEDs 2 have the same intensity of light. According
to a report from the CIE (Commission Internationale de
l’Eclairage), an eye of a human being has the highest
sensitivity around a wavelength of 555 nm in a bright
place and around a wavelength of 507 nm in a dark place.
In general, a color temperature of the red LED 2a is
around 3000 K, that of the green LED 2b is around 5500
K, and that of the blue LED 2c is around 6500 K.
[0048] In the luminaire 1 in accordance with the present
invention, flickering may be minimized by turning on the
green LED 2b after the red LED 2a and turning off before
the red LED 2a. Additionally, a color balance is main-
tained when beginning and ending the lighting control by
turning on the red LED 2a before the green LED 2b and
turning off after the green LED 2b, thereby realizing high
color rendition, color mixing (color temperature control),
and lighting control.

<Second embodiment>

[0049] A lighting system and a luminaire in accordance
with a second embodiment of the present invention will
be described with reference to a circuit diagram of Fig. 5.
[0050] The configuration of the second embodiment is
almost the same as that of the first embodiment, but the
second embodiment further employs a smoothing circuit
including a capacitor C and a resistor R, which are cou-
pled in parallel and disposed between the driving unit 7
and the LED 2. A capacitor C1 and a resistor R1 are
electrically coupled to and disposed between the driving
unit 7a and the LED 2a. A capacitor C2 and a resistor
R2 are electrically coupled to and disposed between the
driving unit 7b and the LED 2b. A capacitor C3 and a
resistor R3 are electrically coupled to and disposed be-
tween the driving unit 7c and the LED 2c. The capacitors
C1, C2, and C3 have the same capacitance c, i.e.,
c1=c2=c3. In addition, the resistors R1, R2, and R3 have
the same resistance r, i.e., r1=r2=r3. In accordance with
the second embodiment, a current ratio is fixed by ad-
justing a time constant (r x c).
[0051] Hereinafter, with reference to a timing diagram
of Fig. 6, there will be described a voltage VO and a
current IO supplied to the LEDs with respect to each point
of time in a case where the LED 2 moves to a lights-out
state and then the fade-in control is performed by the
lighting system 3 of the present embodiment.
[0052] Before a point of time t0, the micro-computer 6
maintains an output state depending on a previous dim-
ming level. In the present embodiment, V1 represents a
lighting voltage of the LED 2a, and V2 represents a light-
ing voltage of the LED 2b.
[0053] At a point of time t0, a lights-out signal is inputted
to the micro-computer 6, and the micro-computer 6 con-
trols the driving unit 7a and the driving unit 7b to stop
outputting accordingly. As a result, there occurs a voltage
drop in the output voltage VO1 of the driving unit 7a based
on a time constant (c1 x r1) of the smoothing circuit. Like-
wise, the output voltage VO2 of the driving unit 7b also
decreases based on a time constant (c2 x r2) of the
smoothing circuit.
[0054] At a point of time t1, a lighting signal is inputted
to the micro-computer 6. The micro-computer 6 controls
the driving unit 7a and the driving unit 7b to resume out-
putting accordingly. The output voltage VO1 of the driving
unit 7a increases in a change speed of α1. If a voltage
V1L indicates the output voltage VO1 at the point of time
t1, the output voltage VO1 reaches a lighting voltage V1
at (V1-V1L) / α1. Since α1 is represented as IO1/c1 when
a current flowing through the resistor R1 is negligible,
and α1 is proportional to the current IO1.
[0055] Likewise, the output voltage VO2 of the driving
unit 7b increases in a changing speed of α2. If a voltage
V2L indicates the output voltage VO2 at the point of time
t1, the output voltage VO2 reaches a lighting voltage V2
at (V2-V2L) / α2. Since α2 is represented as IO2/c2 when
a current flowing through the resistor R2 is negligible,
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and α2 is proportional to the current IO2.
[0056] At a point of time t2, the output voltage VO1
reaches the lighting voltage V1, and thus the LED 2a is
turned on.
[0057] At a point of time t3, the output voltage VO2
reaches the lighting voltage V2, and thus the LED 2b is
turned on. As a result, a light from the LED 2b is outputted
in the dimming lower limit.
[0058] The second embodiment of the present inven-
tion is characterized in that the time constant of the
smoothing circuit is set constantly. With this configuration
of the second embodiment, it is possible to prevent a
change in the lighting timings of the red LED 2a and the
green LED 2b, wherein the variation may be caused by
residual charges in the capacitor C. In case that the light-
ing voltage V1 of the LED 2a is different from the lighting
voltage V2 of the LED 2b, it is possible to adjust charge
times of the capacitors C by setting V1:V2 = IO1:IO2 =
α1:α2.
[0059] This setting may put limitation on color setting,
but it is possible to make a color change invisible by
changing the current IO1 and the current IO2 to desired
currents after starting the lighting operation. As in the first
embodiment, the PWM signal outputted from the mi-
cro-computer 6 may be set to have, e.g., IO1 > IO2 x
(V1/V2), such that the LED 2a is turned on before the
LED 2b. Thus, since the LED 2a is certainly turned on
before the LED 2b, it is possible to reduce a discomfort
at a starting point of the lighting operation.
[0060] The second embodiment shows an example of
employing a capacitor with a relatively high capacitance
between both ends of the LED 2 as a load. According to
this configuration, since the variation of a peak cur-
rent/voltage of the LED 2 is reduced, an electrical stress
or efficiency of the LED 2 is improved, so that it is possible
to implement a design in which flickering is further re-
duced. Therefore, it is possible to remove defects of the
prior art, e.g., a deviation of lighting timing and a long
charging time, which occur when turning on the LED 2
in the dimming lower limit. Through the use of the lumi-
naire 1 in accordance with the present invention, it is
possible to realize the lighting start having high efficiency,
less flickering, and reduced discomfort in the lighting con-
trol and color mixing.

<Third embodiment>

[0061] A lighting system and a luminaire in accordance
with a third embodiment of the present invention will be
described with reference to a circuit diagram of a mi-
cro-computer shown in Fig. 7. Since the other configu-
ration than the micro-computer 6 is the same as that of
the second embodiment, the explanation will focus on a
difference between the second embodiment and the third
embodiment.
[0062] The micro-computer 6 in accordance with the
third embodiment includes a dimming control unit 61, and
a lights-out measuring unit 62 and an output unit 63 to

implement the third embodiment. The dimming control
unit 61 performs analog-to-digital (A/D) conversion on
the DIM signal inputted from the dimming input unit 9,
and determines a cycle and a duty ratio of the PWM signal
to obtain a target color temperature and a target luminous
flux, which correspond to the input signal DIM. The dim-
ming control unit 61 also performs a lights-out control
according to a conducting state of the AC power supply
AC.
[0063] The lights-out measuring unit 62 measures a
lights-out duration time after a turning-off command is
applied to the dimming control unit 61 in response to the
blocking of the AC power supply AC or the signal DIM
from the dimming input unit 9. After that, when a turn-
ing-on command is provided to the dimming control unit
61 and thus the luminaire 1 moves to a lighting state, the
lights-out measuring unit 62 transmits the measured
lights-out duration time to the output unit 63.
[0064] The output unit 63 determines a delay time of
a PWM signal PWM2 supplied to the green LED 2b based
on the measured lights-out duration time. The PWM sig-
nal PWM2 is maintained at a lights-out level during the
delay time after the lighting operation of the LED 2b starts.
The other configuration of the third embodiment is basi-
cally the same as that of the first or second embodiment.
[0065] Hereinafter, with reference to a timing diagram
of Fig. 8, there will be described a voltage VO and a
current IO supplied to the LEDs 2 with respect to each
point of time in a case where the LED 2 moves to a
lights-out state and then the fade-in control is performed
by the lighting system 3 using the micro-computer 6 in
accordance with the third embodiment.
[0066] Before a point of time t0, the micro-computer 6
maintains an output state depending on a previous dim-
ming level. V1 represents a lighting voltage of the LED
2a, and V2 represents a lighting voltage of the LED 2b.
I1 represents a current of the LED 2a, and I2 represents
a current of the LED 2b. The other configuration is sub-
stantially the same as that of the second embodiment.
[0067] At a point of time t0, a lights-out signal is inputted
to the micro-computer 6, and the dimming control unit 61
of the micro-computer 6 controls the driving unit 7a and
the driving unit 7b to stop outputting accordingly. As a
result, there occurs a voltage drop in the output voltage
VO1 of the driving unit 7a based on a time constant (c1
x r1) of the smoothing circuit. Likewise, the output voltage
VO2 of the driving unit 7b also decreases based on a
time constant (c2 x r2) of the smoothing circuit. The lights-
out measuring unit 62 starts to measure a lights-out du-
ration time.
[0068] At a point of time t1, a lighting signal is inputted
to the micro-computer 6. The lights-out measuring unit
62 terminates the measuring of the lights-out duration
time, and transmits the measured lights-out duration time
(t1-t0) to the output unit 63. Accordingly, the output unit
63 starts to delay the PWM signal PWM2 outputted from
the dimming control unit 61. Meanwhile, during the delay
operation, the PWM signal PWM1, which is not delayed,
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is transmitted to the driving unit 7a, so that the driving
unit 7a starts to perform an output operation and thus the
supply voltage VO1 starts to increase.
[0069] At a point of time t2, the lights-out measuring
unit 62 ends the delay operation so that the delay of the
PWM signal PWM2 is stopped, and the PWM signal
PWM2 is transferred to the driving unit 7b. Accordingly,
the driving unit 7b starts to perform an output operation,
and thus the supply voltage VO2 starts to increase.
[0070] At a point of time t3, the supply voltage VO1
reaches the lighting voltage V1, and thus the LED 2a is
turned on.
[0071] At a point of time t4, the supply voltage VO2
reaches the lighting voltage V2, and thus the LED 2b is
turned on.
[0072] The third embodiment of the present invention
is characterized by delaying the timing when the driving
unit 7b starts to supply a power to the green LED 2b in
the fade-in operation. Accordingly, even though the light-
ing start time of the LED 2b is set faster than that of the
LED 2a by a deviation in setting a current or a time con-
stant, it is possible to prevent the LED 2b from being
turned on prior to the LED 2a. Further, it is possible to
flexibly respond to a deviation in setting the current of
the LED 2 as a load, or a design of the smoothing circuit.
[0073] In addition, a difference between the lighting
start time of the LED 2b and that of the LED 2a varies
depending on the lights-out duration time. Therefore,
even in a case where the lights-out duration time is not
constant, it is possible to reliably turn on the LED 2a prior
to the LED 2b by varying the delay time of lighting the
LED 2b according to the lights-out duration time.
[0074] For instance, when the lights-out duration time
and the difference between the lighting start times of the
LED 2b and the LED 2a based thereon becomes greater,
or when the currents of the LED 2a and the LED 2b are
changed in setting of the dimming level, it is possible to
predict a required delay time and change the delay time
through an arithmetic operation based on the required
delay time. Particularly, in case of re-starting the lighting
operation in a state where the current IO of the LED 2 is
great, e.g., in a rated lighting current, it may be better to
set the delay time as 0. That is, the delay time may be
determined based on the dimming level of the LED 2.

<Fourth embodiment>

[0075] A lighting system and a luminaire in accordance
with a fourth embodiment of the present invention will be
described with reference to a circuit diagram shown in
Fig. 9.
[0076] In addition to the configuration of the second
embodiment illustrated in Fig. 5, the fourth embodiment
is characterized in that the smoothing circuit includes
a voltage detecting unit L for detecting a voltage across
the LED 2. The voltage detecting unit L is electrically
connected to the micro-computer 6. If the detected volt-
age is equal to or smaller than a threshold voltage which

does not turn on the LED2, a low voltage detection signal
LOW is inputted to the micro-computer 6.
[0077] In this case, if a lighting voltage of the LED 2a
in the dimming lower limit is 13 V, a voltage corresponding
to 80 % of 13 V, i.e., 10.4 V, is determined as the threshold
voltage. Further, if a lighting voltage of the LED 2b in the
dimming lower limit is 6.5 V, a voltage corresponding to
80 % of 6.5 V, i.e., 5.2 V, is determined as the threshold
voltage. The threshold voltage may be set to a value with-
in a range which an error detection does not occur, with-
out being limited to 80% of the lighting voltage in the
dimming lower limit.
[0078] Hereinafter, with reference to a timing diagram
of Fig. 10, there will be described a supply voltage VO
and a current IO with respect to each point of time in a
case where the LED 2 moves to a lights-out state and
then the fade-in control is performed by the lighting sys-
tem 3 in accordance with the fourth embodiment.
[0079] Before a point of time t0, the micro-computer 6
maintains an output state depending on a previous dim-
ming level. V1 represents a lighting voltage of the LED
2a, and V2 represents a lighting voltage of the LED 2b.
T1 represents a current of the LED 2a, and I2 represents
a current of the LED 2b.
[0080] At a point of time t0, a lights-out signal is inputted
to the micro-computer 6, and the micro-computer 6 con-
trols the driving unit 7a and the driving unit 7b to stop
outputting accordingly. As a result, there occurs a voltage
drop in the output voltage VO1 of the driving unit 7a ac-
cording to a time constant (c1 x r1) of the smoothing
circuit. Likewise, the output voltage VO2 of the driving
unit 7b also decreases based on a time constant (c2 x
r2) of the smoothing circuit.
[0081] At a point of time t6, the supply voltage VO1
drops into a voltage level smaller than a voltage level
V1L that definitely turns off the LED 2a, and a voltage
detecting unit L1 outputs a low voltage detection signal
LOW. Likewise, at a point of time t7, the supply voltage
VO2 drops into a voltage level smaller than a voltage
level V2L that definitely turns off the LED 2b, and a volt-
age detecting unit L2 also outputs a low voltage detection
signal LOW.
[0082] At the point of time t1, a lighting signal is inputted
to the micro computer 6. The micro-computer 6 outputs
the PWM signal PWM1 to the driving unit 7a, the PWM
signal PWM1 setting up a current for initially charging the
driving unit 7a. The output current IO1. of the driving unit
7a becomes I1C accordingly. At the same time, the mi-
cro-computer 6 outputs the PWM signal PWM2 to the
driving unit 7b, the PWM signal PWM2 setting up a cur-
rent for initially charging the driving unit 7b. The output
current IO2 of the driving unit 7b becomes I2C accord-
ingly. After that, the capacitors C1 and C2 start to be
charged by the initial charge current.
[0083] At a point of time t2, the supply voltage VO2
reaches a voltage level higher than the voltage level V2L
that definitely turns off the LED 2b, and the voltage de-
tecting unit L2 outputs a high voltage detection signal
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HIGH. In response to the high voltage detection signal
HIGH, the micro-computer 6 stops the initial charging
operation on the capacitor C2. The micro-computer 6 out-
puts the PWM signal PWM2 to the driving unit 7b, the
PWM signal PWM2 setting up a current level I2Z for con-
stantly maintaining a charge state of the driving unit 7b.
The current level I2Z is a current flowing in the resistor
R2, i.e., V2L/r2.
[0084] At a point of time t3, the supply voltage VO1
reaches a voltage higher than the voltage level V1L that
definitely turns off the LED 2a, and the voltage detecting
unit L1 outputs a high voltage detection signal HIGH. In
response to the high voltage detection signal HIGH, the
micro-computer 6 stops the initial charging operation on
the capacitor C1. The micro computer 6 outputs the PWM
signal PWM1 to the driving unit 7a, the PWM signal
PWM1 setting the driving unit 7a to the lighting current
in the dimming lower limit. In addition, the micro computer
6 outputs the PWM signal PWM2 to the driving unit 7b,
the PWM signal PWM2 setting the driving unit 7b to the
lighting current in the dimming lower limit.
[0085] At a point of time t4, the output voltage VO1
reaches the lighting voltage V1, and thus the LED 2a is
turned on.
[0086] At a point of time t5, the output voltage VO2
reaches the lighting voltage V2, and thus the LED 2b is
turned on.
[0087] With the fourth embodiment of the present in-
vention, the deviation is suppressed by shortening the
lighting start time and a lighting timing of the green LED
2b is delayed until the red LED 2a is turned on by detect-
ing the voltage level of the red LED 2a just before the
green LED 2b is turned on. Accordingly, even though the
lighting start time of the LED 2b is set faster than that of
the LED 2a due to a deviation in setting a current or a
time constant, it is possible to prevent the LED 2b from
being turned on prior to the LED 2a.
[0088] Moreover, it is possible to flexibly respond to a
change in setting the current of the LED 2 as a load or a
design of the smoothing circuit and to quicken the lighting
start even in a state where the current IO of the LED 2
is low, e.g., in the dimming lower limit. In addition, the
voltage detecting unit L may perform load failure detec-
tion. That is, when a drop in a load voltage is detected
due to short-circuit during the lighting, a control can be
performed to stop the output of a lighting circuit. Thus, it
is possible to operate the lighting system 3 stably.
[0089] Through the use of the luminaire 1 in accord-
ance with the above-described embodiments of the
present invention, it is possible to perform the lighting
start without feeling discomfort in the lighting control and
color mixing while effectively reducing flickering.
[0090] While the invention has been shown and de-
scribed with respect to the preferred embodiments, the
present invention is not limited thereto. It will be under-
stood by those skilled in the art that various changes and
modifications may be made without departing from the
scope of the invention as defined in the following claims.

Claims

1. A lighting system for controlling a plurality of light
sources which includes at least a first and a second
light source, the first and the second light source
having different luminous colors from each other, the
system comprising:

a driving unit configured to turn on and off each
of the light sources; and
a control unit configured to transmit a control
signal to the driving unit in response to an input
signal,
wherein the second light source has a color tem-
perature and relative luminous efficiency higher
than those of the first light source, and
wherein the control unit transmits the control sig-
nal to the driving unit, to perform at least one of
a fade-in control in which the first light source is
turned on prior to the second light source when
turning on the light sources and a fade-out con-
trol in which the second light source is turned off
or is dimmed, prior to the first light source when
turning off the light sources.

2. The lighting system of claim 1, wherein the control
unit controls the first light source to first turn on by
the fade-in control and the second light source to
first turn off or dim by the fade-out control.

3. The lighting system of claim 1 or 2, further comprising
smoothing circuits disposed between the driving unit
and the respective light sources, wherein each of the
smoothing circuits includes a capacitor and a resis-
tor, and has a same time constant.

4. The lighting system of any one of claims 1 to 3,
wherein the control unit comprises:

a lights-out measuring unit configured to meas-
ure a lights-out duration time in response to a
turning-off command; and
an output unit configured to receive the meas-
ured lights-out duration time from the lights-out
measuring unit,
wherein a lighting timing of the second light
source is delayed based on the measured lights-
out duration time when performing the fade-in
control.

5. The lighting system of claim 4, wherein an amount
of time for delaying the lighting timing changes de-
pending on a dimming level or the measured lights-
out duration time.

6. The lighting system of claim 3,
wherein each of the smoothing circuit further in-
cludes a voltage detecting unit to detect a voltage
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across the corresponding light source connected
thereto, and
wherein, when turning on the light sources, the con-
trol unit outputs a control signal to maintain a voltage
across the second light source under a lighting volt-
age of the second light source until a voltage across
the first light source reaches a lighting voltage of the
first light source.

7. The lighting system of claim 2, wherein the first light
source emits a red light, and the second light source
emits a green light.

8. A luminaire comprising the lighting system of any
one of claims 1 to 7.
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